SUMMARY: Rabies was eliminated in Japan over 50 years ago; however, the recent increase in the movement of humans and animals across the world highlights the potential threat of disease reentry into the country. The immune status against rabies among the dog population in Japan is not well known; thus, the purpose of this study was to estimate the prevalence of dogs with effective immunity from the vaccination history using a web-based survey. We found that 76.9z (95z confidence interval, 75.8-78.1) of dogs in this study population belonged to the population in which 90z were assumed to have the internationally accepted antibody titer. We showed that dogs taken less frequently for walks were less likely to be vaccinated. Additionally, the frequency of encounters with other dogs during walks and the number of individuals in households were associated with vaccination history. To our knowledge, this study is the first report estimating the prevalence of dogs in Japan with effective immunity against rabies. Further, we identified the population with low vaccination coverage as well as the heterogeneous characteristics of vaccination history among the dog population. These findings contribute to the implementation of an efficient strategy for improving the overall vaccination coverage in Japan and the development of a quantitative risk assessment of rabies.
INTRODUCTION
Japan has been free from rabies since 1957 with systematic control measures such as strict quarantine of imported animals and mandatory vaccination for dogs; moreover, it has the geographic advantage of being surrounded by water. Under the current import quarantine regimen, it is estimated that rabies would enter Japan once every 4,932 years (90z confidence interval [CI] 1,812-13,412) through the importation of dogs and cats from the United States (1) . This suggests a very low risk of rabies entry through the importation of animals. However, rabies introduction through illegal entry of animals from surrounding countries is of great concern as international transportation of humans and animals has been increasing (2) . In addition, there are fears of a decline in compliance with compulsory vaccination of dogs against rabies because the absence of rabies in Japan, which has probably reduced the perceived threat of the disease. The officially reported rabies vaccination coverage rate in Japan, obtained from the number of dogs registered and those vaccinated, has been kept at more than 70z (3), a rate recommended by the World Health Organization for dog populations in order to stop virus circulation in rabies endemic countries (4) . There has been, however, a concern that the reported rates may be overestimated because it is reasonable to assume that not all dogs in Japan are registered (5) . Moreover, the rates cited in annual reports only present a cross-sectional vaccination status of dogs and do not provide information regarding vaccination history, which is the actual determinant of the antibody titer in individual animals. It has been reported that a single dose vaccination without boosters would result in only 75z of animals retaining the internationally accepted threshold of antibody titer (À0.5 IU/mL) 1 year after vaccination; however, 90z of animals would have antibody titers above the threshold if administered a booster vaccination every year or vaccinated more than once within a year (6) .
Therefore, it is essential to obtain information on past vaccination history to estimate the immune status among dogs. Identification of the characteristics of households with low rabies vaccination coverage should also be required in order to recognize the target population that requires improvement in overall vaccination coverage in Japan.
The aim of this study was to estimate the prevalence of dogs with the required rabies immune status from the vaccination history of dogs in Japan. In addition, factors associated with the vaccination history of dogs were analyzed to characterize the dog population with low rabies vaccination coverage. 
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MATERIALS AND METHODS
Study population and questionnaire survey: We collected information regarding rabies vaccination history and other factors from areas all over Japan with a webbased survey using a structured questionnaire as shown in Table 1 . Data were collected between March 6 and 10, 2010. All 47 prefectures in Japan were divided into 6 regions as shown in Fig. 1 . One region,``Kanto,'' which has the largest population, was further split into 7 areas based on prefectures, resulting in a total of 12 sampling areas. Dog owners who had voluntarily registered with commercial access panels (Yahoo Japan Value Insight Corporation [currently Macromill Inc.], Tokyo, Japan) were identified by a preliminary survey and were asked to attend the questionnaire study. Out of 4,368 households that used the questionnaire survey, 333 or 334 households were randomly selected in each sampling area, resulting in a selection of 4,000 households across Japan. The sample size of our study was determined to maximize the sample size in each area within budget limitations. Any person with internet access could voluntarily register as a member of the access panels. Data from the 4,000 completed questionnaires were stored and handled with commercially available spreadsheet software (Excel 2007; Microsoft Corp., Redmond, Wash., USA).
Statistical analysis: (i) Descriptive analysis of the rabies immune status presumed using vaccination history: Information regarding vaccination history was obtained separately for dogs in each size category (large, weight [W] AE20 kg and withers height [WH] AE50 cm; medium, W 10 kg º 20 kg and WH 40 cm º 50 cm; small, W º10 kg and WH º40 cm) in each household. Households with more than 1 dog of the same size were asked to provide information for only 1 dog, which was assumed as consistent among other same-sized dogs in the household. Animals in the household that were reported to have a rabies vaccination every year or to have been vaccinated twice or more within the past year were defined as P 90 , the population where 90z of dogs were assumed to have the threshold titer (6) . Similarly, dogs reported to have had a vaccination only once within the past year, or twice or more within the past 2 years were defined as P 75 , the population where 75z of dogs were assumed to have the threshold titer (6) . The dogs that were reported to have been vaccinated only once or not at all within the past 2 years were defined as P RISK , i.e., the population at risk of rabies infection. The dogs with unknown vaccination status were also classified as P RISK . The total number of dogs belonging to P 90 , P 75 , and P RISK were obtained for each defined region and area.
(ii) Analysis of factors associated with the vaccination status of dogs: The factors associated with the vaccination status of dogs (i.e., maintenance of favorable immune status against rabies) were analyzed based on the herd level. The herd level was defined as an aggregation of the same-sized dogs within each household. Each herd was considered to have preferable rabies vaccination status if all of the animals in the herd were in P 90 . Households that answered``other'' to questions regarding either``Keeping style of dog,''``Type of accommodation,'' or``Type of surroundings'' were excluded from the analysis. Frequency of walks per week was Footnotes are in Table 2 .
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converted into a categorical variable with 4 levels as`N one,''``1-6 times'' (at most 1 walk per day),``7-13 times'' (1 to 2 walks per day), and``More than 13 times'' (at least 2 walks per day). Frequency of encounters with other dogs per 10 walks was categorized into 3 levels to have an approximately equal number of households in each level for each dog size as``Less than 5 times,''``5-9 times,'' and``10 times'' per 10 walks. All explanatory variables were subjected to univariable analysis by fitting into logistic regression. The variable representing``Keeping style of dogs'' was forced into the final model as an a priori confounder. Only variables with P º 0.20 (in x 2 tests) in the univariable analysis were preceded to the multivariable analysis. Multicollinearity was examined for each variable by comparing the sign of the crude coefficient in the univariable model with that of the adjusted coefficient in the multivariable model. A switch in the sign of the coefficient was considered evidence of multicollinearity. The final model was constructed by the manual forward variable selection approach by adding variables one by one in the descending order of the strength of the statistics and retaining only significant variables (P º 0.05 in Wald tests). The log-likelihood ratio test was conducted to obtain overall P values for variables with more than one category. Two-way interaction terms (i.e., the phenomenon that the effect of one variable depends on the level of another variable) were not examined in this study because our objective was to identify factors affecting vaccination status. The series of statistical analyses were conducted using Stata Version 12.0 (Stata Press, College Station, Texas, USA).
RESULTS
Description of immune status among dogs presumed using vaccination history: The geographic locations of the 6 regions are displayed in Fig. 1 . Rabies immune status was estimated from the vaccination history of dogs for each region and the results are shown in Table  2 . The overall proportion of P 90 dogs was 76.9z (95z CI, 75.8-78.1) and it varied from 72.7z (95z CI, 68.4-76.9) to 82.2z (95z CI, 78.6-85.8) across all regions. The overall proportion of P 75 was found to be very small (3.2z; 95z CI, 2.7-3.6), whereas that of P RISK accounted for 19.9z (95z CI, 18.8-21.0) of the total study population. The average number of dogs in one household varied from 1.27 to 1.44 across the regions studied. Details of the prevalence of the immune status presumed using vaccination history across the Kanto region are shown in Table 3 . The proportion of P 90 showed a wide variation, ranging from 66.1z (95z CI, 61.8-70.4) to 87.1z (95z CI, 84.0-90.3) across the areas in the Kanto region.
Analysis of factors associated with the vaccination status of dogs: Tables 4-6 show the results of descriptive statistics and univariable analyses of the factors associated with vaccination status for each dog-size category. The odds ratio (OR) was described in each variable level.``Frequency of walking dog per week'' and Footnotes are in Table 4 . 400`F requency of encounters with other dogs per 10 walks'' were found to be associated with vaccination status in all dog sizes.``Number of dogs kept'' for largeand small-sized dogs,``Keeping style of dogs'' and`N umber of people in the household'' for medium-and small-sized dogs,``Presence of cat'' for large-and medium-sized dogs, and``Type of accommodation'' for small-sized dogs were found to be significant at P º 0.20 and were used as candidate variables for the multivariable model. Table 7 shows the results of the final multivariable model for each dog size. Only``Frequency of walking dog per week'' was found to be a common significant factor associated with favorable vaccination status among all sizes. The herds categorized as``Untied'' in the variable representing``Keeping style of dogs'' were excluded from the final model because they were not asked the question``Frequency of walking dog per week.''``Frequency of encounters with other dogs per 10 walks'' and``Number of people in the household'' were significant in the models for medium-and smallsized dogs. Multicollinearity was not observed for significant variables.
DISCUSSION
Because Japan has been free from rabies for more than half a century, the perception of disease risk may have declined among pet owners, health care providers, and society. There has been concern that rabies vaccination coverage has been decreasing; however, few studies have been conducted to estimate the coverage rate across Japan. To our knowledge, this is the first study estimating the overall prevalence of effective immunity against rabies among the dog population in Japan. Dogs were classified into three populations, i.e., P 90 , P 75 , and P RISK , based on their vaccination history. Our results showed that 76.9z (95z CI, 75.8-78.1) of dogs in the study population belonged to P 90 , which has a preferable vaccination history, and 90z of these could be assumed to have valid antibody levels. Although the actual antibody titer levels were not examined in our study, vaccination history is a very useful alternative to immune status. Therefore, the relatively high proportion of P 90 identified in the overall study area may suggest that the vaccination coverage rate is not as low as expected in Japan. However, our study results covered only owned dogs and not stray dogs. A previous study reports that less than 30z of examined stray dogs were found to possess a protective immune status (7) . Although the number of stray dogs in Japan is very small, the existence of these stray dogs may lessen the actual number of dogs with effective immunity. Thus, the population size of stray dogs and their immune status against rabies should be further investigated to obtain the true picture of immune status among the dog population in Japan.
The factors associated with vaccination history were analyzed to identify the population with low vaccination coverage. The frequency of dog walking was found to be strongly associated with rabies immune status presumed using the vaccination history for dogs of all sizes. Although not all of the point estimates of OR were statistically significant, there was a general decreasing trend as the frequency of walking decreased. The odds of having a preferable vaccination history among herds that did not go for walks at all were 0.21, 0.24, and 0.50 times than that of those who walked more than 13 times a week in herds of large-, medium-, and small-sized dogs, respectively. This result suggests that dogs not taken for a walk would have a markedly lower level of presumed antibody status than others, regardless of their size. Although it is difficult to define causal relationships between the explanatory variable and rabies vaccination status because of the limitations of cross-sectional studies, one possible explanation is that dog owners would consider taking dogs for walks as increasing their risk of rabies infection. Thus, dog owners who tend to take dogs for walks might be more likely to have their dogs vaccinated. Interestingly, fewer encounters with other dogs was found to be associated with less preferable vaccination status for medium-and smallsized dogs. The frequency of encounters might positively correlate with the distance of walking and could be closely related to the owners' concern for the health of their pets. Dog owners with more concern about the health of their pets might be more likely to have their dogs vaccinated against rabies. Further, owners of dogs who are more likely to be exposed to other dogs during dog walks would tend to have better recognition of the risk of rabies.
Being a single-person household was found to decrease the odds of vaccination significantly by a factor of 0.44 (95z CI, 0.25-0.78) and 0.52 (95z CI, 0.35-0.77) compared with households with more than one person for medium-and small-sized dogs, respectively. This may be related to easier access to a vaccination service among households with more than one person compared with single-person households. Thus, developing campaigns that provide easier access to vaccination services should be considered for achieving higher overall vaccination coverage.
A low risk of rabies introduction through the animal quarantine service has been demonstrated by a release of a recent assessment (1) . However, the increased ease of international travel has increased the risk of rabies entry via illegal means; this should not be neglected. Preparation for such scenarios is necessary to minimize the adverse outcomes of rabies entry. Therefore, it is essential to simulate the transmission behavior of rabies under hypothetical scenarios and to arrange control measures against disease spread. Many studies have been conducted to predict the transmission dynamics of rabies and assess the effects of control measures against rabies using mathematical models (8) (9) (10) (11) (12) . However, data on quantitative information that is essential for model building, such as vaccination coverage and behavior of dogs and their owners in Japan, is lacking. Our study estimated the proportion of dogs with effective immunity against rabies using their vaccination history. In addition, we quantitatively described the daily walking activity and contact pattern between dogs during their walks. These factors were further identified to be associated with preferable vaccination status, suggesting the critical characteristics of heterogeneity among the dog population. These results will be indispensable for further simulation of rabies disease transmission.
In the United States, it has been reported that approximately 92z of 6,154 rabid animals were in the wild in 2010 (13) , suggesting the important role of wildlife in the epidemiology of disease in rabies endemic countries. Our study revealed that 71.3z of households had witnessed stray and wild animals including dogs, cats, foxes, raccoons, and raccoon dogs roaming around their houses or during dog walks (data not shown), which implies that contact between wildlife and domestic dogs could easily occur, even in Japan. Therefore, further studies should also quantitatively assess the risk of rabies transmission between domestic dogs and wild animals to prepare a rabies introduction scenario.
It should be noted that our study might be subject to some miscellaneous biases. We used a web-based survey using voluntary registered panels. Although this method has been reported to be used in only 1z of recent epidemiological research (14) , many studies have already been conducted in other disciplines to characterize its validity and issues, especially selection bias such as under coverage and non-response error (15) (16) (17) , and to develop methods of reducing its bias (18) (19) (20) (21) (22) . One of the sources of selection bias in web-based surveys is under coverage. The population selected by web-based surveys has been known not to cover the target population well because some of the population might not have internet access (15) . In addition, those who register to access panels might be skewed from the general population in terms of age, gender, and life style (16) . Another source of selection bias is non-response error. The response to the study questionnaire depends thoroughly on the willingness of individuals; thus, a difference in population make-up could exist between those responding to the questionnaire and those that do not. However, the traditional mode of data collection also has this limitation. Internet access has improved through the recent dramatic development of technology. The non-response error can be reduced by introducing a monetary incentive and providing a PDF questionnaire (21, 22) . In our study, a monetary incentive was provided to reduce non-response bias. The biased results from web-based surveys can be adjusted by several methods such as propensity weighting (18) (19) (20) . This adjustment method compares the difference between groups that participate in the web-based survey and those that do not; thus, information from both populations is required. However, in our study, there is no information regarding potential differences in population characteristics between registered participants who own dogs and the general dog owner population in the country; hence, it is impossible to evaluate how these potential biases affected the results. We designed our study to employ a well-known and common access panel that could be assumed to cover various populations and reduce bias as much as possible. On the other hand, our study objective would have hardly been achieved if we had used traditional methods such as paper-based questionnaires because they are expensive and time consuming. In addition, it is very likely that not all dogs are registered in Japan; thus, households with dogs would need to be identified in advance by a preliminary survey with a large enough coverage to collect enough data from households with dogs. In contrast, our study using a web-based survey could employ 4,000 households encompassing the whole area of Japan. In addition, web-based surveys have a strong advantage as they enable respondents to avoid face-to-face questions. This is especially useful for increasing the accuracy of responses to sensitive questions because respondents would be less hesitant to tell the truth (14, 23) . As annual rabies vaccination for dogs is mandatory under the current laws in Japan, our study objective of obtaining information on vaccination history should be sensitive enough to take advantage of a web-based survey. Further examination of the validity and generalizability of our results is needed; however, we believe a web-based survey was a practical method for our study objective.
The present study provides significant information that fills the gap between current knowledge and that required for quantitative assessment. This will enable us to establish a mathematical model to simulate rabies transmission dynamics, which will in turn deliver critical information regarding rabies risk for domestic dogs and public health in the case of rabies reentry into Japan. Further, our study contributes to the development of an efficient strategy to improve overall rabies vaccination coverage by focusing on those identified as being a low coverage population.
